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Two forces act: the weight (gravitational force) of the droplet acting

vertically downwards, and the electric (electrostatic) force due to the

electric field between the plates acting vertically upwards.

These forces are equal in magnitude and opposite in direction: weight =

electric force, so mg = QV/d.
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At terminal velocity, weight = viscous drag:  mg = 6πηrv

mass m = ρ × volume = (4/3)πr3ρ

so (4/3)πr3ρg = 6πηrv

rearranging:  r2 = 18ηv / 4ρg = 9ηv / 2ρg

r2 = (9 × 1.8 × 10-5 × 1.0 × 10-4) / (2 × 880 × 9.81)

r2 = 9.4 × 10-13 m2

r = √(9.4 × 10-13) = 9.7 × 10-7 m

9.7 × 10-7 m, which is about 1 × 10-6 m
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Number of excess electrons on the droplet = 4.8 × 10-19 / 1.6 × 10-19 =

3 electrons.

If the droplet splits into two equal spheres, each has half the mass, so

half the weight. For each half to stay stationary in the same field,

each would need half the charge, 2.4 × 10-19 C, which is 1.5e.

But charge is quantised (it comes in whole multiples of e), so the 3

electrons cannot be split equally. One sphere would have 1e (1.6 × 10-19

C) and the other 2e (3.2 × 10-19 C).

So the electric force on one sphere would be less than its weight (it

falls) and on the other greater than its weight (it rises). It is not

possible for both spheres to remain stationary, so the student is wrong.

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


Newton's corpuscular theory: light is made up of tiny particles called

corpuscles. When the corpuscles approach the water surface, a force of

attraction acts on them towards the water. This attraction only acts at

the interface (boundary), and it acts at right angles (normal) to the

surface.

So only the vertical component of the velocity (momentum) of the

corpuscles changes at the interface: the vertical component increases

while the horizontal component stays the same. This causes the change

in direction, so the corpuscles bend towards the normal. This means

Newton's theory predicts that light travels faster in water than in air.

Huygens' wave theory: light is a wave. A wavefront is incident on the

interface at an angle. Every point on the wavefront acts as a source of

secondary wavelets. The wavelets that enter the water first travel more

slowly in the water than the wavelets still in the air, so they travel a

shorter distance in the same time.

The new wavefront is the tangent (envelope) to the secondary wavelets,

so it is turned. The slowing down of the wavelets causes the change in

direction, so the light bends towards the normal. So Huygens' theory

predicts that light travels more slowly in water than in air.

Evidence: the two theories made opposite predictions about the speed of

light in water. When the speed of light in water was measured (by
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Foucault and Fizeau in the mid 1800s), it was found to be slower than

in air, which supported Huygens' prediction and disproved Newton's.

Also, light was observed to show interference. In Young's double slit

experiment, light produced bright and dark fringes. Interference (and

diffraction) can be explained by Huygens' wave theory, as waves

superpose constructively and destructively, but cannot be explained by

Newton's corpuscular theory, which predicted only two bright bands.

Because of this experimental evidence, Newton's corpuscular theory was

rejected and the wave theory was accepted.
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Plane-polarised: the electric field oscillations (E) are in one plane only,

and the magnetic field oscillations (B) are in one plane only.

The electric and magnetic fields are perpendicular to each other and

both are perpendicular to the direction of travel (transverse). They are

in phase with each other, and the wave travels at c = 3.0 × 108 m s-1.

direction of travel

E

B

electric field (E) oscillations

magnetic field (B) oscillations
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All matter particles (e.g. electrons) have a wave-like nature (wave-like

properties).

The wavelength associated with a particle is λ = h / p, where h is the

Planck constant and p is the momentum of the particle (p = mv).

0.021 nm is about 0.02 nm, so the 3.5 kV reading is consistent.

λ = h / √(2meV) = 6.63 × 10-34 / √(2 × 9.11 × 10-31 × 1.60 × 10-19 × 3500)

λ = 6.63 × 10-34 / 3.19 × 10-23 = 2.1 × 10-11 m = 0.021 nm
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Increase the (accelerating) potential difference.

The electrons gain more kinetic energy, so their speed and momentum

increase, so their de Broglie wavelength (λ = h/mv) is smaller. A

smaller wavelength is diffracted through smaller angles, so the rings are

closer together (narrower).

Use a metal foil (target) with a greater spacing between

the atoms.

For the same wavelength, a larger separation between atoms gives

smaller diffraction angles, so the maxima are closer together and the

rings are narrower.
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The constant Ek / v2 is not constant: it increases from 0.074 to 0.649

as v increases, so Ek is not proportional to v2.

The data are not consistent with the classical prediction.

Ek / v2  (in MeV per 1016 m2 s-2):

v = 2.60:  0.5 / 2.602 = 0.074

v = 2.73:  0.7 / 2.732 = 0.094

v = 2.88:  1.3 / 2.882 = 0.157

v = 2.96:  2.6 / 2.962 = 0.297

v = 2.99:  5.8 / 2.992 = 0.649
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The speed of the electrons has an upper limit: as Ek increases, v

increases less and less and never reaches c (Ek / v2 increases).

Explanation: in special relativity, the mass of the electron increases as

its speed increases, m = m0 / √(1 − v2/c2).

As v approaches c, the mass approaches infinity, so at these speeds the

increase in mass is significant.

So near c, increases in Ek are mainly due to the increase in mass, not

speed, and Ek tends to infinity as v approaches c.

Rest energy E0 = m0c2 = 9.11 × 10-31 × (3.00 × 108)2 = 8.2 × 10-14 J

Total energy E = m0c2 / √(1 − v2/c2) = 8.2 × 10-14 / √(1 − 0.952)

E = 8.2 × 10-14 / 0.312 = 2.6 × 10-13 J

Ek = E − E0 = 2.6 × 10-13 − 8.2 × 10-14

Ek = 1.8 × 10-13 J

1.8 × 10-13
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